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A L K Y L - D I P H E N Y L A M I N E S  :
THEIR PREPARATION AND OXIDATION.
- i
ALKYL-DIPHENYLAMINES:
THEIR PREPARATION AND OXIDATION.
INTRODUCTION.
Oxidation in the carbazole series had led to the production 
of various dicarbazyls (i); a similar oxidation of N-mithyl- 
diphenylamine had produced N:N1-dimethy1-N:N!-diphenyl ben­
zidine :-
N-Ethyldiphenylamine did not react similarly as it 
yielded N-acetyldiphenylamine instead of the expected N:Nf- 
ethy1-N:N!-diphenylbenzidine, therefore investigations were 
then undertaken with other N-alkyldiphenylamines and derivatives 
of N-ethyldiphenylamine.
As no other method yielded any isolatable product from 
N-ethyldiphenylamine, the original oxidising agent, potassium 
permanganate in acetone, was adhered to with all other N-alkyl 
Niphenylamines.
The best method of preparation of each of the various N- 
alkyldiphenylamines required for the research was evolved, and 
comparison made, where possible, with existing preparations 
described in the literature.
N-me thyIdi pheny1am in e N :Nf dimethv1-N;N*-diphenyl-
benzidine.
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THE PREPARATION OF N-ALKYLDIPHENYLAMINE3.
The preparation of N-Alkyldiphenylamines (ii) was accomplish­
ed "by three methods: Alkylation hy the di-alkylsulphates (iii,iv, 
v >)> "by alkyl iodides (vi), and bromides, of both diphenylamine 
and diphenylamine magnesium bromide.
It was intended to discover the best method of preparation 
of each individual amine and also that showing the most general 
application.
Excess anhydrous potassium carbonate was used in all alkyl- 
ations, other than those of diphenylamine magnesium bromide, to 
remove acid by-products.
<3>- s - O  + KI ^  < A > -  £ A 3
r'J- AlhjlclipKen^larmae.
The x^roduction of N-alkyldiphenylamines by the action of
di-alkyl sulphates on diphenylamine was satisfactory with two
lowest members of the series only; with the longer alkyl chains
a shuho drop in yields and increasing inavailability of the 
*
sulphates rendered the method impracticable.
Alkyl iodides showed greater general practicability al­
though the yields decreased with increase of molecular weight 
of the alkyl group. Spatial configuration of the group had 
little or no influence on the yield. This was in direct contrast 
to the work of Skita, Keil, and Haverman (ii) who found that, 
by their method of preparation, branched alkyl chains gave much 
poorer results.
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Alkyl bromides were of little value, and alkylations of di­
phenylamine magnesium bromide were successful with N-ethyldi­
phenylamine only.
The results are tabulated below:-
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The complete separation of the tertiary amine from unchanged 
diphenylamine caused difficulty. Three methods were used:
(a) The oxidation of unchanged diphenylamine to tetraphenyl- 
hydrazine, then distillation of the tertiary amine from the
mixture
Y
\ /
MI
R
N
\
y
Ox . R V
7
O -  7~<_/ 
0 - ^ k _ v
Al . ' H -  b e W a p ^ e n y iH y d r a y in e .
(b) Extraction of tertiary amine with cold concentrated 
hydrochloric acid which simultaneously precipitated diphenyl­
amine hydrochloride.
(c) Acetylation of the diphenylamine in the mixture followed 
by the separation of the N-alkyldiphenylamine from the N-acetyl- 
diphenylamine produced by (1) direct distillation, (2 ) extraction 
at 0°0 with ligroin in which the N-acetyldiphenylamine was 
practically insoluble.
Only one of these methods (c2) gave satisfactory results. 
Separation by (a) partially decomposed the tertiary amine and 
had to be repeated because of incomplete oxidation of the di­
phenylamine. Method (b) had a limited application as N-n-propyl 
diphenylamine was sparingly soluble, and the higher N-alkyldi­
phenylamines practically indoluble in concentrated hydrochloric 
acid. (c) Acetylation by acetic anhydride (ii) removed the di­
phenylamine completely, but, especially with the larger alkyl 
chains, decomposed some of the tertiary amine. A method was 
evolved using acetyl chloride in the presence of sodium acetate, 
which was as efficient as the former, yet did not affet the 
tertiary amine. Separation of N-alkyldiphenylamine from N- 
acetyldiphenylamine by fractional distillation in vacuu< as 
described in (ii), was not absolute, especially with the higher 
boiling N-alkyldiphenylamines. Extraction of the mixture, how­
ever, with ligroin at 0°G before distillation, almost completely 
precipitated the N-acetyldiphenylamine. Repetition of this 
process yielded N-alkyldiphenylamines of high purity.
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' The purity of a sample was tested hy hromination in glacial 
acetic acid: if diphenylamine was present the solution assumed 
a "blue colour on standing, and if N-acetyldiphenylamine was pre­
sent a very insoluble product was formed. N-alkyldiphenylamines 
obtained by method (c2) gave negative results to these tests.
A colour test for N-alkyldiphenylamines has been discovered: 
one or two drops of concentrated nitric acid then a few ccs. of 
Water were added to minute traces of N-alkyldiphenylamine. The 
solution assumed a permanent crimson colour characteristic of N- 
alkyldiphenylamones.
N.B. Diphenylamine did not exhibit a like reaction as the ori­
ginal purple colour developed rapidly changed to black followed 
by precipitation of the solution.
The N-Alkyldiphenylamines (I) were oxidised by potassium 
permanganate in acetone in the presence of sodium bicarbonate 
to give N-N’-tetraphenylhydrazine (II). Pour exceptions to this 
rule were noted: N-methyldiphenylamine yielded T-N’-dimethy1-N:N’ 
diphenylbenzidine (III), N-ethyl- and N-benzyl diphenylamines 
the corresponding N-acyldiphenylamines (IV) respectively, while 
N-p>-phenethyIdiphenylamine (V) was unaffected by the oxidising 
agent.
THE OXIDATION OP N-ALKYLDIPHENYLAMINES
Phenol.
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The yields of N-acetyldiphenylamine or N:Nf-tetraphenyl- 
hydrazine obtained by these oxidations were poor- 10%-15% in all
but one case, that of N-benzoyldiphenylamine (70%).
Of further interest wa s the curious observation that deri­
vatives of N-ethyldiphenylamine oxidised to the corresponding N- 
acyldiphenylamine, but derivatives of the N-alkyldiphenylamines 
which oxidised to N:Nf-tetraphenylhydrazine were apparently un­
affected by the reagent.
The mechanism of the reaction has not been definitely de­
termined. Apparently a N-oC-hydroxyalkyldiphenylamine (VI) is 
formed intermediately and rearranges almost instantaneously to 
one molecule of diphenylamine and one molecule of the corresponding 
aldehyde. The diphenylamine formed is oxidised to NsN*-tetra­
phenylhydrazine and the aldehyde to the acid.
N.b. As in the preparation of NsF*-tetraphenylhydrazine from di­
phenylamine the oxidation is carried out at 0°G; this may partly 
account for the low yields obtained.
The N-acyldiphenylamines were found to be stable to the 
oxidising agent, therefore the possibility that (VI) was primarily 
oxidised to an N-acyldiphenylamine and subsequently produced 
N sN1-tetraphenylhydrazine is untenable.
(VI) has proved to be very unstable (and probably non-existent
—  —  -X [I R .<-00 H.
R.c h =o
as a free basej "by the preparation of the magnesium bromide salts 
(VIII) from diphenylamine -Ii -magnesium hr omide (VII) and an
All attempts to free the base from the saljfc (VIII) regenerated 
the aldehyde and diphenylamine.
borne support to the possibility of the intermediate formation 
of an N-ot-hydroxyalkyldiphenylamine has been noted in a 'converse' 
manner in the preparation of b-alkyldiphenylamines (ii) from di­
phenylamine, an aldehyde, and hydrogen under pressure.
We can only assume, due to lack of evidence, that the*c- 
hydroxy-amines formed from ft -ethyl- and ft -benzyl diphenylamine s 
are preferentially oxidised.
In the reported oxidation of N-methyl diphenylamine the 
N-alkyl group is not attacked.
a ldehyde. S~~\—
' a R. c h -o
(vu.)
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E X P  E R I M E N T A L
PREPARATION Off N-ALKYLDIP11ENYLAMINES:
(A) BY DIALKYLSULPHATE8,
Diphenylamine (95 g.), diethyl sulphate (,95 g. , 2 mols. ) 
and excess anhydrous -potassium carhonate (,100 g. ) were thoroughly 
shaken (till the mass Became fluid) in a flask fitted with a 
short air reflux then water condenser in a distillation position, 
and heated at 175°-180eC for three hours.
A distillate of alcohol and water is obtained.
The slightly pink reaction mass was treated with hot dilute 
hydrochloric acid,and an oil separated (evolution of evil-smelling 
vapours). The liquor was neutralised with excess caustic alkali, 
the oil extracted with ligroin, and the extract washed, dried, 
and fractionally distilled in vacuo, the fraction b.p. 150°- 
170°/15 mm Being retained.
Purification of this crude N-ethyldiphenylamine was ac­
complished thus:-
acetate (95 g.). (Flask and reflux condenser). Acetyl chloride 
(87 g.) was added in four parts, the mixture Being vigorously
The mixture was poured into wTater, Boiled for five minutes,
The fraction was mixed with fused sodium
/
shaken after each addition. (The mixture, should it turn green, 
shaken till an orange colour re-developed.) Much heat 
was evolved.
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and when cool, extracted with ligroin (60U-80°C). The solution 
was filtered from the crystals of N-acetyldiphenylamine pre­
cipitated, and the ligroin extract washed and-dried for twenty- 
four hours at 0WC to precipitate the remaining N-acetyldiphenyl- 
amine. Fractional distillation in vacuo yielded 80?fa-85/ of 
theoretical of pure N-ethyldiphenylamine B.p. 152“-155W/12 mm.
ii.B. For subsequent %age yields see page 3 .
Similarly N-n-propyldiphenylamine was prepared.
(B) BY DIALKYLSULPHATS ON DIPHENYLAMINE MAGNESIUM BROMIDE.
To diphenylamine magnesium "bromide (1 mol.), susi^ended in 
ether, was added slowly diethyl sulphate (2 mols. ) in ether.
The mixture was then "boiled for one hour, then treated with 
hi lute sulphuric acid. The N-ethyldiphenylamine produced was 
isolated and purified as in (A).
(g ) by alkyl iodides or b romides.
Diphenylamine (1 mol.), alkyl iodide (or Bromide) (1.5 mol),
and anhydrous potassium carbonate (1.5 mol.), were Boiled (at
the Boiling point of the alkyl halide) for forty-eight hours.
The N-alkyldiphenylamine was isolated and purified as in (A).
The various N-alkyldiphenylamines so prepared were:-
(l) By alkyl iodides - N-methyl-, N-ethyl-, N-n-propyl-,
N-n-Butyl-, N-iso-Butyl-, N-iso-propyl-*, N-n-amyl-**, di~
phengclamines. (2)By aIkyIBromides- N-n-propyl and N-n-Butyl
jdipheny1amines.
♦B.P. 155°/12mm req. 0,85.3/;H,8.0a . Found C,85.2/;H,7.8/.
**B.P.190°/12mm C17H21N req.C,85. 35%;H,8.8%. Pound C,85. 3?i;H,8.65 .
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N-Benzyldiphenylamine.
Benzyl chloride (30 g.,1.2 mols.), diphenylamine (34g.
1 mol#), and anhydrous potassium carbonate (35 g.) were 
beared at 200°G for two hours* The reaction mass was 
steam-distilled to remove unchanged benzyl chloride (or 
alcohol), the residue was extracted with ligroin (60°-80°). 
The residue, on distillation of the ligroin, was crystallised 
from alcohol. M.P. 86°C. Yield: 44g.; c’a 90%.
N -jg-Phene thyldipheny 1 amine.
fc>TO micle.
p-Phenethyl ohlorl^e (1.5 mols.), diphenylamine (1 mol.) 
and anhydrous potassium carbonate (excess) were heated at 
150°G for forty-eight hours. The tertiary amine was isolated 
and purified as under (A-).
M.P. 61° G; B.P. 220°G/11 mm. Yield: G’a 50%.
GgoHigN requires: G,87.9%; H,6.95%; 11,5.15%.
Pound: 0,87.9%; H,6.8%; 11,5.09%.
1 4 ;41-Dibromo-N-iso-oropyldiphenylamine.
N-iso-Propyldiphenylamine (5 g&xii. ) in glacial acetic 
acid (40 cc. ) was mechanically stirred, while bromine (7.6g.) 
in acetic acid (20 cc) was slowly added. When hydrobromic
-11-
acid ceased to be evolved the white crystalline solid was 
filtered and crystallised from alcohol. M.P. 92°G. Dilution 
of the acetic acid with water precipitated more of the 
substance. Yield: 8.5 g.: c’a 100,.
GigHigKBrg requires: 0,48.7%; H,4.1%.
Pound: 0,48.83%;H,4.38%.
The dibromo derivatives of N-ethyl-, IT-n-propyl-,
N-n-butyl- diphenylamine s were similarly xorepared.
OXIDATION OP N-ETHYLDIPHEN YLAMINB.
N-Ethyldiphenylamine (1 g. ), potassium permanganate 
(1 g.), sodium bicarbonate (1 g.) in acetone (20 cc) were 
boiled for one hour, then the contents were poured into 
sulphurous acid solution. The oily aqueous liquid was 
extracted overnight at 0°G with ligroin (60°-80°). The 
N-acetyldiphenylamine, precipitated at the intersurface of 
the liquids was recrystallised from ligroin.
Yield never over 15%.
Similarly N-benzyldiphenylamine yielded N-benzoyl- 
diphenylamine (70%).
2-Nitro-N-ethyldiphenylamine and 4- :4* -dibromo-
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-N-ethyIdiphenylamine yielded traces of 2-nitro-N-acetyl-, 
and 4 :4#-drbromo~N-acetyl~ diphenylamines respectively.
In the former case the ligroin extract was allowed to 
evaporate to dryness and the crystals hand-picked, while in 
the case of the dibromodiphenylamine the product was obtained 
by repeated crystallisation from alcohol.
OXIDATION OF N-n-PROPYLDIPHENYLAMINB.
N-n-Propyldiphenylamine (1 g.), potassium permanganate 
(l g.), sodium bicarbonate (l g.), in acetone (20 cc), were 
boiled for one hour then treated as in the oxidation of 
N-ethyldiphenylamine. The yields of N:N*-tetraphenyl- 
hydrazine precipitated at the interface of theiigroin and 
water; never exceeded 15%.
Similarly N-n-butyl-, N-n-amyl-, N-iso-propyl-, and 
N-iso-butyl- diphenylamines yielded like Quantities of 
N:N’-tetraphenylhydrazine.
After similar treatment 4 :4&-dibromo-N-n-propyldiphenyl- 
amine, N-acyldiphenylamines, and N-j*-Phenethyldiphenylamine, 
were recovered unchanged from the reaction.
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DI PHENYLAM INE -IT -MAGNE SIUM BROMIDE.
Diphenylamine (10 g.) in dry ether (60 cc) was added 
slowly with mechanical stirring to a solution of ethyl 
magnesium bromide (c’a 8 g.) in ether (40 cc) in an inert 
atmosphere. A vigorous evolution of ethane was noted and 
heat was evolved.
When all the diphenylamine had been added the solution 
suddenly deposited white diphenylamine magnesium bromide. 
(Care, rush of gas due to heat of precipitation.)
REACTION OP APT ALDEHYDE ON DIPHENYLAMINE MAGNESIUM BROMIDE.
An aldehyde (/.05'mols.) in dry ether, was added in an 
inert atmosphere to diphenylamine magnesium bromide (1 mol.) 
in ether. On boiling for two hours the colour of the in­
soluble material changed to light brown. Filtration and 
washing with dry ether yielded abrown amorphous powder, which 
on treatment with water, dilute acid or alkali, decomposed 
into diphenylamine and the aldehyde.
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NOTE :
ON A NEW METHOD FOR THE PREPARATION OF DIPICRYLAMINE
r4o:o_I X
Dipicrylamine is a violently explosive substance, and 
found considerable application in the great war (1914-1918) 
us a ’booster’ for the T.N.T. in torpedoes.
Various methods of preparation have been described.(vii) 
As the yield of dipicrylamine by direct nitration of di­
phenylamine (viii) was poor , the following reactions (A-D) 
were carried out in industry in order to obtain the explosive 
in quantity:
(The various stages require no explanation.)
It was found, however, that when N-acetyldiphenylamine 
was nitrated under carefully regulated conditions a theo­
retical yield of 2:4:2’:4’-tetranitrodiphenylamine was 
obtained.
O NM„
« V|WNOx
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This substance was dissolved in fuming nitric acid (d 1.5 
and concentrated sulphuric acid was added slowly to the 
solution, which precipitated dipicrylamine. (95% yield.)
The only previous reference to any nitration of N- 
acetyldiphenylamine was in 1903 when 2 :4 :2* :4*-tetranitro- 
diphenylamine was obtained with other products on nitration 
by diacetyl-ortho-nitric acid. (ix).
EXPERIMENTAL.
N-Acetyldiphenylamine (12 g.) was added to a mixture of 
concentrated nitric acid (50 cc) and concentrated sulphuric 
acid (25 cc) at 15°C. On stirring the amine dissolved and 
the solution assumed a greenish colour; the temperature of 
the solution rose spontaneously to 65®0, during which time 
the colour of the solution had changed through brown, orange, 
to a dark red at that temperature. The temperature of. the 
mixture was then gently raised to 70°-75°C when a crystalline 
yellow precipitate appeared. After 5-10 minutes the solution 
was heated to 95°-100®0 for one minute to complete the 
reaction. Yield: 100%. M.P. 198°C.
2:4:2* :4f-Tetranitrodiphenylamine.
-16-
Dipicrylamine.
as
The tetranitrodiphenylamine prepared before was dissol­
ved in a minimum of fuming nitric acid (d 1.5). Addition 
of concentrated sulphuric acid to this solution precipitated 
dipicrylamine. (Exothermic reaction.)
Yield: 95%. M.P. 238°0.
N.b . A sample of the liquors from the above should be 
tested with more concentrated sulphuric acid to ensure 
complete precipitation.
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The following research, although entitled: 
"Condensation of Fluorene with Acetone”, is essentially 
the "Elucidation of the Structures, Syntheses, and 
general Chemistry of the Substances derived from the 
Product of Condensation".
As these substances have proved to he derivatives 
of the hydrocarbon Pluoranthene, a short summary of the 
Chemistry of that substance, derived from miscellaneous 
reports in the Chemical Literature has been included as 
a foreword.
PART I.
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A SHORT SUMMARY OF ITS HISTORY AND CHEMISTRY.
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I N T R O D U O T I O  N .
The hydrocarbon f luo ran then e, although it has “been 
known for over sixty years, has "been little investigated. 
Indeed, the true chemical structure of the substance was 
determined only about twelve years ago, and this, together 
with the great difficulties in isolation encountered 
earlier, have left the Chemistry of the hydrocarbon little 
beyond the preliminary stages.
As far as has been determined, no general survey of 
the Chemistry of fluoranthene has yet been published; thus, 
in view of the developement of the research reported in 
this thesis, it has been considered advantageous to collect 
the previous Y/ork done on the hydrocarbon, in order to 
present this work in the light of existing knowledge.
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II.THE DI3C0VBRY 0? FLUORANTHE1TE AND THE ELUCIDATION OF 
ITS STRUCTURE; SYNTHESES.
The credit for the original discovery of fluoranthene 
(or idryl as it was often called) was the subject of con­
siderable dispute. In 1878, two authors, Goldschmidt (i) 
and Fittig and Gebhard (ii) independently isolated the 
hydrocarbon from different sources.
Goldschmidt discovered a new hydrocarbon, m.p. 110°C, 
along with the known hydrocarbons anthracene (A), phenan- 
threne (B), chrysene (0), and pyrene(D), which he isolated 
from the ’Stupp1 fat residues remaining after distillation 
of mercury from the ores at Idria.
To this new hydrocarbon he gave the name ’Idryl*.
His preliminary investigations into the structure discovered 
the fact that oxidation of Idryl produced an acid,and a 
Quinone, which yielded diphenyl on heating with soda-lime.
On vapour—density and analytical determinations he allocated 
the empirical formula 0-^H^q to the hydrocarbon.
Fittig and Gebhard, about one month later, succeeded.^ 
in isolating a hydrocarbon, m.p. 109°0, from coal tar
-3-
distillate "boiling at over 360°0. This hydrocarbon, they 
alleged was identical with Goldschmidt’s ’Idryl’.
Chemical investigations "by these authors gave more 
definite evidence of structure. They found that the acid 
obtained similarly to that acid reported by Goldschmidt, 
had an empirical formula C^HgOg, yielded fluorenone on 
heating with soda-lime, and fluorene on distillation with 
zinc dust:
H y D  R o c .
,C.*HIO ? b  'h
\j'“ j C ' '  Fluorene
' °
Q u m o a e .  j A c > c l . C , ^ 03 . _ w h k ? ^ 0 ^ -
Soc.a. Ivrqe
On this evidence they assigned the structure (fi) to 
the acid, and suggested that (?) represented fluoranthene.
C h  Q H-
I }*o W  ; > - ?  k )
C  H C O O H  . C , N  ' CHG  ^ ^
Because of the relative similarit y of relationship 
between the hydrocarbon and fluorene, to that between 
phenanthrene and diphenyl, Pittig and Gebhard allocated the 
name fluoranthene to the hydrocarbon.
(Both names, idryl and fluoranthene are found in the 
Chemical Literature till about 1910, since then the name 
idryl has been dropped in favour of fluoranthene.)
At this time, 1879, "because of the erroneous empirical 
formula C-j pJi-^Q > fluoranthene was apparently considered an 
’intermediate’ between phenanthrene C]_4H10 and pyrene C^qHiq. 
Atterherg (iii) was the only author to suggest intermediate 
structural relationships between the substances:
C y s cj-i^ ctH ,tc h 3 c p 3
i a  cbl (A/CHi cl| 
A t  A  A  A h  A h  b'n}
-fip h etvvjL  H u a iw n e . PhenanH ircne P U f o y o t i i t n e  f y v c r v e .
This structure for fluoranthene was obviously untenable.
In 1880 Goldschmidt (iv) submitted a paper describing 
several simple derivatives of fluoranthene, the most important 
of which was the apparent production of a dihydrofluoranthene, 
G15H12’ tlle restricted action of hydriodic acid and 
phosphorus.
Hyd<oC. Aluorantnene _  ^ ^
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In the same year important evidence regarding the 
structure of fluoranthene was furnished by kittig and Gebhard
(v), who discovered that the acid (E) obtained by the oxidation 
of fluoranthene yielded an unknown diphenic acid, which they 
called isodiphenic acid, on fusion with potash, kittig and 
Lippman (vi) furthermore found that this isodiphenic acid 
gave isophthalic acid on oxidation. Yet this isodiphenic 
acid yielded fluorenone when heated with soda-lime, thereby
proving that one of the carboxyl groups was ’ortho’ to the 
diphenyl linkage.
Oir
A t \ d [E.l Kisea /SoDipUenic add- - / V Y N
c H o K0H r ;4 ^'^*3 H 4 lO m. Ftuor<none.
HOOCP \cOOH
i J
/so -PnVtialic 9 ud-
They therefore alleged that the only possible structure
„ be low
ior the isodiphenic acid was as illustrated -abo-ve, and, as a 
corollary, that the acid (E) C-^HgOg, obtained by oxidising 
fluoranthene, and similarly fluoranthene 0x5^10 musf 'oe 
repre sented by:
a**1 o cooh p f "
 y  \_ccoh / \  y ^ y  \ \y  \ A -COOH \ " 
U  u  l X - u  U A
sso -Diphemc  a c id -  A c x d O ^  C ,K ^C ) F  luoranV W ne  .
As will be seen, this structure was based entirely on 
degradative oxidation products.
For more than fifty years after this, fluoranthene was 
forgotten, except for very occasional references, the most 
important of which was the apparet confirmation of Fittig’s 
formula by the syntheses of isodiphenic acid and fluorenone- 
1-carboxylic acid by Mayer and Frietag (vii):
CH5 COOH
1 T y' \ c H3 x x S  7  V, '_\ __ x \-coOH
U  ~+ ]J  — > U U  b/
'.So - Jbhheme acid, 
o coo»-5    — -
X \ / V ’x l<
b d - f O
A o c /F .  f  FUx>'«f>onc-bc^tbD*.^lic iicid '.
Thus was the structure of fluoranthene apparently de­
termined, and, hut for unexpected disagreement with the fo­
llowing theory of multi-planar carbon rings, the hydrocarbon 
to this day might have been represented by Fittig’s formula.
The Sachse-Mohr conception of multi-planar carbon rings, 
however, permits the following adjacent ring systems to be 
combined to a benzene nucleus to form a tri-cyclic system:
5 and 6 ; 6 and 6 ; 5 and 7; 6 and 7.
Fluoranthene did not agree with this rule as it contained 
two adjacent five-membered rings attached to the benzene
fluoranthene to be in reality a naphthalene derivative, (which 
they calculated would not make much difference in the analy­
tical Results), succeeded in synthesising such a substance by 
the cyclisation of fluorene-9-propionyl chloride (G-), reduction 
of the ketone (H) produced, and finally, dehydrogenation to a 
hydrocarbon C16H10 identical with fluoranthene.
nucleus :
v. Braun and Rath (viii) who had been working on this 
subject turned their attention to the anomaly, and, assuming
Fluor Anita ne .
Thus was the constitution of fluoranthene proved fully 
fifty years after its discovery.
A synthesis of fluoranthene which confirms "beyond all 
doubt the existence of a naphthalene nucleus in fluoranthene 
has "been accomplished hy Cook and Lawrence (ix), who dehydra' 
ted the tertiary alcohol produced hy the reaction of ot- 
naphthalene magnesium "bromide and 2-methylcyclohexanone, and 
isomerised the product (J ) with aluminium chloride in carbon 
disulphide to the hydro-fluoranthene (K), dehydrogenation of 
which gave fluoranthene: cfn
1 i
H
t>
*
C«v
,  C
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III. THE EFFECT OF THE SYMMETRY OP THE MOLECULE ON THE 
NUMBER OP SUBSTITUTION ISOMERS; SYSTEMS OP NUl^ BERIKG.
The molecule of flouranthene is obviously symmetrical,
and therefore the possible nulaber of substitution isomers
is greatly lessened.
The numbering of such derivatives is generally accord­
ing to the following scheme, although in America the alter-
z
native system (B) is now used. i/\3
. 'O' " . A / V v  ?•/Nm: ' .'o-'J, iI (_J >
10
7
8.
Simple Substitution/by x] (mono-, di-, and tri-)
~ 1, (x)
(*)/ \ M  
*x) i i
I J _ I  IN  *
Five possible mono-substitution isomers exist—  three in 
the naphthalene nucleus and two in the benzenoia system, but 
it is unlikely that more than two are produced by direct 
action of the reagent.
There are some twenty-five possible di-substitution 
isomers of fluoranthene, few of which are likely to be pro­
duced directly; a correspondingly larger number of tri­
substitution derivatives are possible. The influence of 
the symmetry of the molecule regarding the number of di­
substitution isomers is lost in many cases, yet, as in the 
last illustration, it is often found that, because of the 
arrangement of the reactive positions in the fluoranthene 
nucleus, a third radicle may enter in a position unsubstituted 
in either di-substituted isomer and yet yield one tri­
substituted fluoranthene.
The reduction or hydrogenation (x) of the fluoranthene 
nucleus, which is easily accomplished, attacks primarily 
one half of the naphthalene nucleus (ring i or 2 ); further 
reduction attacks the benzenoid ring (iTo. 4), and finally 
the other half of the naphthalene nucleus (ring 2 or l) to
IV. REDUCTION PRODUCTS Off FLUORANTHENE
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yield the completely hydrogenated perhydrofluoranthene.
The primary reduction product 1 :2:3:4-tetrahydro- 
fluoranthene is "best ohtained hy the action of sodium amalgam 
at 180°C on the hydrocarbon, hut it is apparently also 
formed hy hydriodic acid at 180°C, sodium in moist ether, 
and catalytic hydrogenation.
1s2:3 :4 s9 slO:11:1S:13:14-Decahydrofluoranthene, the 
second reduction product, is ohtained hy the reduction of 
fluoranthene hy sodium in alcohol, and hy catalytic hydro­
genation using ten atoms of hydrogen.
Perhydrofluoranthene is ohtainahle only hy catalytic 
hydrogenation using excess of hydrogen.
The production of 1 :2-dihydrofluoranthene as claimed hy 
Goldschmidt hy the restricted action of hydriodic acid and 
phosphorus on fluoranthene (Cf. p.4. ) has not heen confirmed.
H ./ S.H
V. THE CHEMISTRY OF FLUORANTHENE.
Positions 4-, 11 (or 12), 5, are the most reactive po­
sitions in the fluoranthene nucleus: Their degree of re­
activity is generally in that order. It will therefore he 
seen that the same entrant group di-substituting will give 
the 4:11- and 4:12- isomers, hut that further action will 
give the 4:11:5- tri-suhstitution derivative only. (Of. 
Influence of Symmetry of Molecule.)
Substitution of fluoranthene therefore occurs mostly 
in the 4- position, i.e. at A; a little of the 11- (or 12-) 
isomer is always produced, however. But acylation or similar 
reactions involving the use of anhydrous aluminium chloride, 
substitute in the 11- (or 12-) position, i.e. at B, pre­
ferentially, yielding a little of the 4- isomer as by­
product only.
The nitration of fluoranthene (xi) is carried out by the 
action of fuming nitric acid in glacial acetic acid.
/ \ a A  
i j_ j. j
if- jslttyoP1 v j c r V W ’V ** -
-12-
4-iTitrofluoranthene is the main product of the reaction, 
hut^ is mixed with small quantities of 12-nitrofluoranthene 
from which it is very difficult to he freed.
Bromination (xi) is hest accomplished hy direct sub­
stitution in ultra-violet light using carhon-disulphide as 
a solvent and in the presence of traces of phosphorus tri- 
hromide. The product is almost exclusively 4-hromofluo­
ranthene .
fo ro rm r »u©T«»nnvct\c. —--------------— — 1
Fuming sulphuric acid produces from fluoranthene a 
mixture of fluoranthene-4-sulphonic acid and isomeric di- 
sulphonic acids.
v. Braun and Manz (xi), who are the main workers in 
Fluoranthene Chemistry at present, state that fluoranthene- 
4-sulphonic acid is hest prepared hy the action of chloro- 
sulphonic acid in chloroform at -15°C.
v. Braun, Manz, and Kratz (xii), showed that acylation 
of fluoranthene, i.e. the reaction in the presence of an­
hydrous aluminium chloride with phosgene, acetyl- and henzoyl- 
chlorides etc., produced almost exclusively 11-substituted 
fluoranthenes;
IT). - \_L / . >le\ii.
/here R = 01, GHg, etc.
This strange influence of aluminium chloride on the 
orientation is also exhibited hy the production of o’-
carboxy-benzoylfluoranthene (rX 15) from fluoranthene and 
phthalic anhydride in the presence of that agent.
The effect of sodamide on fluoranthene (xiii) is 
curious. Instead of the expected 'araination* of the hydro­
carbon as occurs with naphthalene (xiv) two molecules of 
fluoranthene link with the elimination of hydrogen. The 
name peiriflanthene has been suggested by v. Braun and Manz 
for the hydrocarbon produced.
Structural proofs (where required) of the orientation 
in nuclear substitution of fluoranthene are obtained by con­
version of the entrant group to a known derivative, or by 
degradative oxidation by which method characteristic compound
-14-
are formed. This latter method is dealt with exclusively 
is a subsequent paragraph.
4-Niisrofluoranthene on reduction yields 4-aminofluoranthen 
an important amine which is used for identification of
Because of the difficulty in purifying the 4-nitrofluoranthene, 
however, the preparation of the amine hy this method is waste­
ful and has "been superceded hy the preparation from 4- 
hydroxyfluoranthene hy alcoholic ammonia under pressure.
(* ,. Amindr .
In addition to the normal properties of an aromatic amine, 
4-aminofluoranthehe is converted into 4-hydroxyfluoranthene 
hy dilute hydrochloric acid under pressure. Reduction with 
sodium amalgam gives an ar-aminotetrahydrofluoranthene.
The isomeric 12-amdmofluoranthene is either prepared 
from the 12-carhoxylic acid through the intermediate, hydra- 
zide, azide, urethane, etc., or hy the rearrangement of the
PROPERTIES OP FLU ORAN THBI: DERIVATIVES
o
position substitution mentined in the previous paragraph
oxirae of 12-benzoylfluoranthene by "benzene sulphonyl chloride 
and pyridine (xii)
Although 4-bromofluoranthene is unable to form a 
Grignard reagent, the bromine atom appears to be somewhat 
loosely combined and easily eliminated by reducing agents, 
e.g. sodium amalgam at room temperature yields 1 :2 :3id-tetra- 
hydrof luoranthene only.
Yet the bromine atom is unaffected by 5%-10% alkali at 
200°G and the compound resinifies with the same reagent at 
300°0. As expected, cuprous cyanide i^ ields 4-cyanofluoranthene 
and copper bronze at 300°G 4 :4*-bifluoranthyl.
4 -Hy dr o xy f 1 uo r an thene. (xi )
/t Way be prepared from either the 4-amino- (as stated) or 
7| "
4-Bromofluo ranthene
if.- C N janoF h io ranH vettg ■ (B'ifluo
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by the fusion of the 4-sulphonic acid hy caustic potash 
in the normal manner.
4-Gyanogluoranthene. (xi).
Prepared as described from the 4-bromofluoranthene, or 
from the 4-sulphonic acid hy fusion with sodium or potassium 
cyanide, is hydrolised hy dilute hydrochloric acid to 
fluoranthene-4-carboxylic acid.
This is the only satisfactory method of preparation 
of the acid, as, although it is produced to some extent 
in the preparation of the 12-carboxylic acid, it cannot 
he prepared from it satisfactorily.
1:2:3;4-Tetrahydrofluoranthene.
Substitutes in normal reactions as does fluoranthene, 
e.g. bromination yields 5-bromo-l:2 :3:4-tetrahydrofluoranthene
( h u ; a c U •
COOH.
H
DEGRADATION OF FLU ORANTHENE AND DERIVATIVES BY
OXIDATION
Fluor an the n e
HUotentfnc-l-cjsrbonjlic i\o<k clvomrMrtnz qumen*
y  \
The classical oxidation of fluoranthene to fluorenene- 
1-carboxylic acid is well known (xv).
The constitution ofthe ketonicacid has "been proved 
hy synthesis, andthe illustrated formula allocated to the 
Quinine. Fittig and Gehhard (v), had further degraded this 
keto-acid to isodipherubc acid (or 2 :3f -diphenic acid).
In recent times the oxidation of the hydrocarbon hy 
various reagents has given rise to new degradation products. 
The most important of these oxidations is that of Randall 
and co-workers (xvi) using alkaline permanganate of potash 
hy which reagent they ohtained the final degradation pro­
duct, hemimellitic acid, and also o’ -dicarboxyphenyl- 
glyoxylic acid:
<2port-
/ \ .. —/
U  ' j
2. 3A i)\pWove
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Furthermore, an oxidation hy ozonised oxygen (xvii) 
produced a mixture of fiuorenone-l-aldehyde and fluorenone- 
1-carboxylic acid.
m
o C*’0 v H •
\/&\y
"luoranthenes
°3  ^
i J — L  1
(TUjorenon^ - t' ctWeWpC.
Ooee ■■/H,
9 ?  f? ^
/ \ / « v N  — > / N ./C
U /
fWsnon*^- piopi^E^ •
Kriiher (xviii) reported that, on careful oxidation,
1:2:3:4-tetrahydrofluoranthene yielded fluorenone-l-propionie 
acid as the first product of oxidation. Fluorenone-1- 
carboxylic acid was subsequently ohtained if the reaction 
was carried further, v. Braun, Manz and Kratz (xii) ex­
tended this oxidation to cover the derivatives of 1:2:3:4- 
tetrahydrofluoranthene, e.g. 5-hromofluorenone-l-propionic 
acid and 7-aeetylaminofluorenone-l-propionic acid were 
ohtained from their respective hydrofluoranthenes.
-19-
t+ovc- cvHv 
o Oh
Oxidation of 1:2:3:4:9:10 ill:12:13:14:decahydro 
fluoranthene gave only hemimellitic acid. (xii).
HooG
H+OC?f
wUnvV-meWiVtc
It is observed that the structural configurations of the 
hydrofluoranthenes are confirmed ‘by these oxidations.
4-Sub s t i tu t e d Fluoran thehe s.
These give rise to aegradative products, the nature of 
which depends on the effect of the entrant group on the 
stability of the ring, e,g. 4-nitro- and 4-bromo-fluoranthenes 
yield 2-nitro- and 2-bromo-fluorenene-l-carboxylic acids:
While those groups which render the ring more sensitive to 
oxidation, naturally yield fluorenone-l-carboxylic acid alone.
The Fluoranthene Garboxylic Acids.
Thesesfyield fluorenone dicarboxylic acids on oxidation.
(xii
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Fluoranthene-4-carboxylic acid yields exclusively 
fluorenone-1 :2-dicarl)oxylie acid on oxidation, because of 
the stabilising effect mentioned previously.
The structure has been confirmed by synthesis, (xii).
Fluoranthene-12-carboxylic acid presents a different 
Problem: Either part of the naphthalene nucleus in fluoran­
thene may oxidise, and therefore two isomeric fluorenone- 
dicarboxylic acids are obtained:
F W « h o n . e - l  '* •  .
/ N
C O O M ,
ftevC c +4-e>oC? •
Fl\iovenon*e 7- elx'carbo^ic acui •
VIII. FLU ORAN THERE DERIVATIVES IN DYE CHEMISTRY
Within recent years several Patents have been taken out 
covering certain fluoranthene derivatives as Dyestuff Inter­
mediates. It is unlikely that fluoranthene derivatives have
-21-
yet been used in that industry.
These derivatives are mainly the hydroxysulphonic acids, 
hydroxycarboxylic acids, amines, etc. which are mostly all 
prepared hy patent processes. Also derivatives of the 
hydrocarbon periflanthene (p. 15) are claimed to be of use 
in this sphere.
The complex quinones obtained from 12-o-carboxybenzoyl- 
fluoranthene (p.|3) by ring closure have been shown to 
possess vat-dying properties:
Quinone A gives a red dyestuff from a violet 'vat' solution, 
and quinone B gives a yellow dyestuff from a blue ’vat’.
Similar reactions on the condensation product of peri- 
flanthene andiphthalic anhydride yields similar complex
i
Quinones.
-22-
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I N T R O D U C T I O N
Fluorene had "been condensed with acetone in the pre­
sence of anhydrous potassium hydroxide to yield 
fluorenyldimethy1-methy1-ethyl ketone:
and Tucker, J.C.S. 1957, 1759.)
The structure of this substance had been proved by synthesis.
The ketone underwent some curious reactions: Reduction
by hydriodic acid in acetic acid gave, instead of the ex­
pected 9-fluorenyl-methyl-pentane,
a white hydrocarbon C^qHgg, m . p . l 03°C; ^  C"^CHV h
also dry hydro AtoBic acid in acetic acid
i J— ‘ I
produced a substance which decomposed with
evolution of hydrobromic acid to yield another white hydro­
carbon C^gH18, rn.p. 77°C., which could be reduced to the
CigHg0, m.p. 103°G., mentioned before by hydriodic acid in
acetic acid.
Oxidation of the hydrocarbon 0x9^18 gave a ketonic acid 
of the empirical formula CigH^gOg, which contained an 
acetyl group (-GO.GHg), while GigHgg, on oxidation with 
sodium bichromate in dilute sulppuric acid had yielded 
traces of fluorenone-l-carboxylic acid.
(Maitland and Tucker, J.C.S. 1929 , 2559; Prance, Maitland
-24-
The reactions of zinc chloride and phosphorus pentoxide on 
the ketone had also produced curious results: With zinc
chloride at 250°Oh two products were formed-- the whfote 
hydrocarbon C^gHgg, m.p. 103°C. , previously described, and a 
yellow hydrocarbon, m.p. 131°Ch., of alleged empirical for­
mula (?)• Phosphorus pentoxide under the same con­
ditions yielded the latter substance, m.p. 131°G. alone.
Nitration of the ketone yielded a mono-nitrated derivative 
m.p. 112eC., of unknown structure, while phosphorus penta- 
chloride produced a chlorohydrocarbon CpgHpgCl, m.p. 80QG., 
from the ketone. This latter compound was oxidisable to 
fluorenone, and has probably the illustrated structure:
PART III.
GENERAL EXPERIMENTS ON THE PRODUCTS DERIVED PROM
ft -9-FLUORENYLDIMETHYL-MS THYL-E THYL KETONE.
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GEEERAL EXPERIMENTS ON THE PRODUCTS DERIVED PROM 
0-a -3 -9 -FLU ORSNYLDIME TfiYLME THYLE THYL KETONE.
With the object of determining the structures of the 
hydrocarbons C18H18’ °19h20> and c16hX4 referred to
begore, the problem of their degradation by oxidation was 
studied.
•While working with the ketonic acid C^gH-^Og (Of,Part 
II) obtained from Gq9H13’ a sllccessf,ul oxidation to 
fluorenone-l-earboxylic acid was accomplished by using 
sodium dichromate in acetic acid; this led to similar oxi­
dations being attempted on the hydrocarbons.
All three hydrocarbons were found to yield the same 
product, fluorenone-l-carboxylic acid, C^gH^s in 65 a 
theory, and the others in smaller quantities.
fG y o v « n a n « -{ -  t a r k o s c ^ K c  «tocL.
o C.OOH
P W « n o < i e - l -  c a r w o ^ U e
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Oxi&ation of the nitro-derivative o f -f -9-fluorenyl 
dime thy line thy lethyl ketone (Of. Part II) yielded 2-nitro- 
f luorenor'° *  ^ ^'100
The compound must therefore have the structure p-^-^-9- 
(2-nitro~)fluorenyldime thylme thy1e thy1 ketone#
The chemical changes of these hydrocarbons under the 
influence of certain reagents were made the subject of 
considerable investigation.
It was found that G^qH^q gave? as "^he original
ketone (Cf. Part II-), CpglloQ on reduction with hydriodic 
acid in acetic acid; O15H14 (?) and GygHgQ on heating with 
zinc chloride at 250°C., and C15H14 (?) alone on heating at 
the same temperature with phosphorus pentoxide.
Furthermore, Gpgllpg yielded a yellow hydrocarbon 
m.p. 113®-115°G., similar in appearance to GX5H14 (?), on 
he hydrogenation with i^sfclenium at 320 °G.
-27-
The hydrocarbon C-^ qHoq proved to "be unaffected “by hydri­
odic acid, zinc chloride, or phosphorus pentoxide, under
conditions similar to the reactions with C EL0, apart from
19 lo
a certain amount of decomposition, hut with selenium at 320°G. 
yielded the yellow hydrocarbon obtained previously
from Cpg^pg•
g16%4 (?) was unaffected by any of these reagents.
It was also observed that the chlorohydrocarbon C19H19GI 
obtained by the action of PCI5 on the original ketone (Cf.
Part II) gave, as the ketone, G19H20 with hydriodic acid in
acetic acid, and CpgHj^ (?) with phosphorus pentoxide at 250°G
L^N(q(X. H ^ 1«? .
K.B. As these experiments required considerable quantities
of G19H18, C^gilgQ? and GxgHi4 (?), improvements on the ori­
ginal preparations were sought, both in yields and in extrac­
tion from the crude reaction medium.
While no improvement was effected in the production of 
CigHig, an improved yield of S19H20 was obtained by altering 
the concentrations of reagents in solution during the pre­
paration, and a greatly simplified extraction of C15H14 (?) 
was discovered. Both these methods are described in the ex­
perimental section.
PART IV.
ELUCIDATION OP THE STRUCTURES OF THESE COMPOUNDS.
-28
ELUCIDATION Off THE STRUCTURES OF ffaaSlP,, ClgH20,01QHM  (? ) ,
AND C18H14.
(i) C19H18 And C19H20.
Since a close relationship exists "between the two 
hydrocarbons C^gH^g and C]_g Ilgg shown hy the reduction of 
the former to the latter, it is only necessary to determine 
the structure of GpgHpg, as Cpgilgo is obviously the complete­
ly saturated (in an ’ethylenic’ sense) ’dihydro’-CxgH^g.
From Parts II and III it is observed that G^gHpg can 
either be oxidised to a ketonic acid Gi9H3_g03, which in turn 
is oxidisable to fluorenone-l-carboxylic acid or may be 
directly oxidised to that substance.
This keto-acid C^gH^pQg has lost no carbon atoms in 
the preparation from CpgHpg and contains ay( ’methyl ketone’ 
group. Therefore it must have been produced by the oxidation 
of a tri-substituted ethylenic link of the following nature:
o cootfu L
The oxidation of this acid and the hydrocarbon 
C1QH18 fluorenone-l-carboxylic acid proves that ring 
closure of the ketone M  h  - -fluorenyldimethylme thy1- 
ethyl ketone must have taken place during t e formation of
g19%8"
As will be seen from the formula for the ketone, it
is impossible for ring clodure to occur and yet leave the 
above ethylenic linkage outwith the ring.
2 :2 :4-trimethyl-1:2-dihydrofluoranthene; OygHgQ must be 
2;2 :4-trimethyl-l:2 :3:4-tetrahydrofluoranthene,
Kmcj- cio-aur-e.
Therefore, the only feasible structure for
CHa.
and the ketonic acid G-iJHtqOTg 18 3J
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(ii) G18H14-
As the structures 2 :2 :4-trimethyl-l:2-dihydro- and 
2 :2 :4-trimethyl-1:2:3:4-tetrahydro~ fluoranthene have 
been allocated to G-j gH]_g and CggllgQ respectively, the 
constitution of the compound derived from both hy the 
dehydrogenating action of selenium can be easily deter­
mined :
As one carbon atom is lost during the reaction, it 
is apparent that with C-^ .H-ig methane, and with C49H20 
methane and hydrogen have been lost. Therefore, the 
only possible structure for O^gH^ must be 2 :4-dimethyl- 
fluoranthene:
c/ CH-C.H3
kt. /  \  Kvjt
(iii) G16H14 (?■).
The hydrocarbon G15H14 (?) was not unsaturated in an
aliphatic sense, nor could it he dehydrogenated h^y any 
of the reagents tried.
These facts, together with its extreme stability 
with regard to distillation etc., gave definite evidence 
that the structure was purely ’aromatic’ in character.
Oxidation of the hydrocarbon yielded fluorenone-1- 
carhoxylic acid (G14^8°3)
alleged GqgH]_4 (?) are placed; also 7 of the hydrogen atoms 
are placed.
The remaining two carbon atoms must form a ring 
between the 9- and 1- positions indicated by the keto- 
and carboxylic acid- groups. (The number of hydrogen 
atoms precludes any possibility of open chain structure).
This ring must be at least six membered.(Cf.Part I p.6 )
Thus the only possibility for G45HX4 is tetrahydro- 
fluoranthene, which is obviously impossible as the alleged 
^16H 14 cannot be dehydrogenated, therefore the empirical 
formula 0^6^14 mus'{: lQe erroneous.
& cocM.
Therefore, 14 carbon atoms of the 16 required by the
c»; ^
^  \  /  V  luwwfcwn*;
As the hydrocarhon must have a six-membered ring in 
the positions indicated, it must he a derivative of 
fluoranthene.
From the analytical results and structure of the 
ketone, two f luoranthenes are possible: _1. 2 ;4-dimethyl 
fluoranthene CpgHp^ and 2 . 2:3S4-trimethyIfluoranthene
°19h16*
The hydrocarhon was definitely not 0j_gi'i4 which had 
heen prepared hy other means (Cf. previous pages) and 
therefore it must he 'fpgHpg i.e. 2:3 s^-trimethyl- 
'f luoranthene , and must have heen produced from the ori­
ginal ketone hy migration of a methyl group (instead of 
elimination) during the course of the reaction.
PART V.
MECHANISM OF THE REACTIONS PRODUCING THESE SUBSTANCES.
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Evidence with regard to the mechanism of the reactions 
illustrated above can he deduced from the results described 
in Part III.
Firstly, it had heen found that 2:2:4-trimethyl-l:2- 
dihydrofluoranthene (CxgHi8 ) yielded the same products of 
reaction from the same reagents under conditions identical 
with those under which thesesproducts were derived from 
the original ketone (Of. pp.Zfe): and secondly, that, also
-34-
similarly to the ketone, 2:2:4-trirne thyl-1:2:3 :4-tetra
hydrogluoranthehe (G]_gHf>0), and 2 :3 :4-trimethy If luoranthene 
(GigHig) were produced from 1 :1 :l-(9)-fluorenyldimethyl-
and phosphorus pentoxide respectively. (Of. pp.Z7.),
Prom the former series of experiments it appears to 
he a reasonable deduction that the 2:2:4-trimethyl-l:2- 
dihydrofluoranthene is the first product of the reactions 
from the ketone, the mechanism of which may now he 
illustrated thus:
3-chloro-^-n-hutene hy the reactions of hydriodic acid
(The dotted line may he taken as indicating the course 
of the reaction. )
The ring-closure of the ketone to this*intermediate* 
may occur in either of twp ways:
(a) By the elimination of water between the Tenolicf 
tautomer of the ketone and the 1- position of the fluorene 
nucleus, or
(b) by the elimination of a halogen acid from similar 
positions. (Cf. pp. 27.).
In the case of the ring-closure of the ketone by 
hydrobromic acid or by hydriodic acid it is uncertain 
which of those means were employed, (a)or(b), but there 
can be little doubt that elimination of water occurred in 
the reaction with zinc chloride or phosphorus penjsoxide.
Subsequent formation of the various fluoranthene 
derivatives from the intermediate 2 :2:4-trimethyl-1 :2 :5 ;4- 
dihydrofluoranthene is more complicated, with the exception
tvioVc hwfcomgY* jC-
6c to a c .
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of the production of' 2:2:4—trimethyl-1:2:3:4—tetrahydro- 
fluoranthene (C^gHgo) "by simple reduction of the double 
bond by the hydriodic acid:
The reactions with zinc chloride and phosphorus pent­
oxide cannot be explained so simply:
(it was proved that the ’tetrahydrofluoranthene’ was not 
an ’intermediate’ but an ’end-product’ of the reaction, by 
the observation that it was almost unaffected by the reagents 
under the conditions of the reaction. )
The first effect of both the zinc chloride and the 
phosphorus pentoxide appears to be the causing oi migration
CM l
CHj}Cf X CM-CH.
of one of the methyl groups of the ’gem’-dimethyl 
grouping:
/ cw
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The migration of ’gem1-dimethyl groups is well - 
known in the terpene compounds. Lately, a similar mig­
ration has heen reported in the dehydrogenation of 1 :1- 
dimethyl tetralin which produces 1 :2-dimethyl- as well as 
1-methyl- naphthalene (xix).
Previous references to similar migrations have 'been 
observed, (xx, & xxi).
After migration has taken place the effects of the 
zinc chloride and phosphorus pentoxide do not follow the 
same course: With zinc chloride, the migrated product
apparently undergoes an auto-oxidation-reduction with the
unmigrated 'intermediate' 2:2:4-trimethyl-l:2-dihydro- 
fluoranthene
c-CH
CH.
C- CH
CHjncu.
This hypothesis is not so improbable as it may appear
at first sight. It will he seen that 2:2:4-trimethyl-
1:2-dihydrofluoranthene cannot undergo this reaction
with itself, because of the arrangement of the methyl
groups which, however, do not prevent the rimg from being
reduced to the ’tetrahydrofluoranthene’• It is also
Quite possible that this substance might be reduced more
easily than the migration product since the former has a
hydrogen atom of the ethylenic system unsubstituted,
whilst the latter, with the grouping of the type 
c sc-C , which is known to be resistant to
c/ -c
reduction, (xxii).
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ihis may explain the failure to isolate from the 
reaction any 2 :3:4-trimethyl-1:2:3:4-tetrahydrofluoranthene
f+C-'C H 3CH3;C
" &■ 1
/
which would he produced hy the migration product reacting
with itself:—-
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Although the product of reaction with phosphorus 
pentoxide is identical with one of the products of re­
action with zinc chloride, the mechanism of its production 
is prohahly not similar. It is considered that in this
case, the phosphorus pentoxide acts as a weak de- 
hydrogenating agent.
Attention is drawn to the ease with which all- 
known hydrofluoranthenes are dehydrogenated, even with 
a mild agent such as lead oxide, (xxiii).
The phosphorus pentoxide which may act as PgOg 
+ Oo is much too weak to remove metane from the un-Cj
migrated hydrocarhon, hut acts on the much more easily 
oxidisahle product of migration
N.B. The action of stronger dehydrogenating agents, 
such as selenium, on the immigrated 2:2:4-trimethyl-l :2~ 
dihydrofluoranthene, and also on the corresponding 
’tetrahydrof derivative, results in the removal of methane 
and the production of 2:4-dimethyIfluoranthene. (xxiv).
Thus, the ’dehydration’ of the original ketone 
with zinc chloride and phosphorus pentoxide must em­
body three separate reactions:
(1) Ring-closure (dehydration),
(2) rearrangement,
(3a)auto-oxidation-reduction (with ZnClp), 
and (3b)dehydrogenation (with PgOg).
PART VI.
A KE.V METHOD FOR THE PREPARATION OP FLU0R3N0NE-1- 
OARBOXYLIO ACID (AND SUBSEQUENT l-SUBBTITUTED PLUOREHES)
prom fluorene.
A NEW METHOD OP PREPARATION OF FLUORENONE-l-CARBOXYLIC
SUBSEQUENT 1-SUBSTITUTED FLUORENE3 ) 
FLUORENE3.
The general excellence of the yields of fiuorenone- 
1-carboxylic acid obtained hy the degradative oxidations 
of the hydrofluoranthenes previously mentioned, especially 
the oxidation of 2 :2:4-trimethyl-1:2-dihydrofluoranthene, 
led to the investigation into the practicability of such 
an oxidation on a larger scale as a new method of pre­
paration of the above acid.
C O O H
f )  Urn'Anlfv*rH • C/1
j- 1  u o r e n o n e
The usess of the acid may be briefly mentioned.
It is the only practicable source oi 1-subsuituoed
fluorenes, and has up -till now heen obtained solely by 
the oxidation of the comparatively inaccessible nydro-
carbon fluoranthene (xxv), apart from synthetic methods
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unsuitable for preparative purposes.
Recently a synthesis of a polycyclic hydrocarhon 
was carried out using fluorenone-l-carboxylic acid as 
a starting material, (xxv).
This new preparation of fluorenone-l-carboxylic 
acid, although it involved the oxidation of a hydro- 
fluoranthene, had for its starting material the parent 
hydrocarhon fluorene, and therefore is the first pre­
paration of the acid from fluorene itself.
Briefly, the method consisted of the preparation 
in hulk of ^  -9-f luorenyldimethylmethylethyl ketone
(pp.2$.), subsequent ring-closure of same with dry hydro- 
bromic acid in acetic acid, and oxidation of the 2:2:4- 
trimethyl-1:2-dihydrofluoranthene, isolated in the 
manner previously described (pp.ZS,), with sodium di- 
chromate in glacial acetic acid.
The optimum yields of fluorenone-l-carboxylic acid' 
never exceeded 25-30 g. from 100 g. of fluorene ori­
ginally used.
The preparation had both advantages and drawbacks 
when compared with the existing method. Its advantage 
lay in the fact that the starting material was the much
-44
more accessible hydrocarbon fluorene; also the absence 
of ’quinone’ formation in the oxidation, such as is 
observed with fluoranthene, renders the fluorenone-1- 
carboxylic acid in a high state of purity.
The loss of material and the time required in pre­
paring the intermediates from fluorene offset this benefit^ 
to a considerable extent. Actually the relative yield 
of the acid from fluoranthene was greater than that from 
the same quantity of fluorene originally used, although 
the final oxidation gave a better yield from the hydro- 
fluoranthene than from fluoranthene itself. (65%:50^ -. )
It was decided to continue the investigation further 
and prepare a series of fluorene-l-carboxylic acids, with 
a view to subsequent attempts to synthesise fluoranthene 
derivatives.
Reduction of fluorenone-1-carboxylic acid to fluorene- 
l-carboxylic acid (in 84 p yield) has been described, using 
sodium amalgam as the reducing agent (xxv); the time 
required is about five hours.
l u o i e n d cl4
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It was found that a modified Clemmensen reduction, 
using a hydrochloric-acetic acid medium required one hour 
only to prepare the desired product (in 95; -100% yield).
Reduction of fluorenone-l-carboxylic acid with the 
magnesium-methyl alcohol reagent produced the hitherto 
unknown 9-fluorenol-l-carboxylic acid (30/.-85) ):
(A great sensitivity of this reaction to impurities in the 
keto-acid or methyl alcohol was observed. )
Treatment of this acid with phosphorus pentachloride 
in chloroform yielded 9-chlorofluorene-l-carboxylic sc id 
chloride, which hydrolised easily to 9-chlorofluorene-l- 
carboxylic acid (methyl ester m.p. 90CC.) :
Hydrobromic acid in acetic acid converted the 
fluorenol-l-carboxylic acid to 9-bromofluorene-l-carboxy­
lic acid (methyl ester m.p. 103°C.,amide m.p. 248°C-)
(xxvi ).
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To complete the series 9-halogen-fluorene-l-Garbo- 
xylic acids, 9-iodofluorened-carboxylic acid was obtained 
by the action of sodium iodide in acetone on the cor­
responding 9-bromo-acid mentioned above.(xxvii)
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FART VII.
M13 GELLANEOU S EXPERIMENTS: (1) SYNTHETIC APPROACHES
TO TIPS METHYLFLUORANTHENE3, AND (2 ) THE PECULIAR 
BEHAVIOUR OF METHYLFLUORAN THENE3 IN COMPLEX FORMATION.
(i) SYNTHETIC APPROACHES TO THE 1 ETHYLELUQRj&l:T?iE~,T5S 
The following substances were prepared with a view 
to investigating possible syntheses of the methy1- 
fluoranthenes.
9-Bromofluorene-l-carboxylic acid chloride, obtained 
from the acid by the action of phosphorus pentachloride 
in chloroform, was condensed with sodium acetoacetic 
ester:
The 1-(9-bromo ) fluorenoylacetoacetic ester so
A
obtained was converted into the corresponding 9-iodo- 
compound by sodium iodide in acetone.
Cfg-co- Ctf-COO£(-
(A.|
It was intended to test the reactivity of the 
halogen atom with regard to sensitivity towards the 
Reformatsky reaction (intramolecular).
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Preliminary experiments in dry 'benzene gave indication 
that such a reaction 7/as possible with this substance.
These experiments were originally postponed owing 
to the lack of material, and subsequently discontinued on 
the discovery of a more convenient synthetic method.
(ii) PECULIAR BEHAVIOUR OF 2 : o :4~TRIlViETHYLPLU0RANTKEILS 
IN COMPLEX FORMATION.
The curious behaviour of 2:3:4~trimethylfluoranthene 
in complex formation 7/as observed. The hydrocarbon 
associated with picric acid in the ratio of one molecule 
of picric acid to two molecules of 2:3:4-trimethyl- 
fluoranthene, 7/hile with s-trinitrobenzene a normal 1:1 
complex was formed.
Unsuccessful attempts were ma.de using various 
solvents to produce either the 1:1 picrate or the 1:2 
trinitrobenzoate.
TT.B. 2 :4-Dimethylf luoranthene behaved normally in
complex formation.
It was observed that fluorene exhibited a similar 
tendency to form complexes of varying ratio with different 
reagents (xxviii). It is not known whether the fluorene 
nucleus in the 2:3:4-trimethylfluoranthene is responsible 
for this curious behaviour.
PART VIII.
IMPROVED SYNTHESIS OP 1:3-D IMS THYLHA PH TH ALETTE.
IMPROVED SYNTHES 13 OP 1:5-DIMBTHYLNAPHTHALBN: 
A considerable quantity of 1:3-dimethyInaphthalene 
was required as a starting material for the synthesis of 
2:4~dimethylfluoranthene; accordingly, some investigation 
was made into the existing methods of preparation of the 
methylnaphthalenes (xxix, & xxx) in order to discover the 
most practicable means of obtaining 1:3-dimethyInaphtha­
lene in quantity.
The method of Barnett and Banders (xxxi) was chosen 
as the basic method of synthesis.
Li_
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Various improvements were made on the original
synthesis. (A-F).
For the condensation of A to B chlorobenzene was 
used as a solvent for the reaction in place of the tetra- 
chloroethane originally used; the yield of (3-xyloylpro- 
pionic acid (B) obtained was almost theoretical.
The Clemmensen reduction of B to ^-xylylbutyric acid 
(C) was modified by the use of 4:1 concentrated hydro­
chloric acid-glacial acetic acid mixture, and 10 mols. 
at least of crude, lightly amalgamated zinc. The reduction 
by thid method was complete in two hours.
Ring-closure of the acid (0) to 5:7-dimethyl-oc- 
tetralone (D) had originally been carried out by 80/ 
sulphuric acid in some 25-30% yield. Oyclisation through 
the acid chloride by .Bachman’s method (xxxii), however, 
yielded 6 5-70% of the required product (D).
D - E was accomplished similarly to B - 0 in five 
hours. (70% yield).
Final dehydrogenation of the 5:7-dimethyltetralin 
(E) had been originally accomplished by selenium at 320°33. 
in about thirty hours time. It was found that the re­
action could be carried out with sulphur at 220°<0. (xxxiii) 
in about one hour. (This temperature could not be
exceeded without risk of side-reactions). An 85-90 
yield of 1:3-dimethylnaphthalene (E) was obtained.
About 35-40 g. of 1:3-dimethylnaphthalene were 
thus prepared.
PART IX.
S Y N T H E S I S  O P  F L U O R A N T H E N E .
,'"i \  /
This synthesis (A-D) of fluoranthene was carried out 
to test the method for the more important synthesis of 
2:4-dimethyIfluoranthene.
oc-Iodonaphthalene (A) was condense with o’-nitro- 
hromohenzene in the presence of copper Bronze to give 
oC- (o ’ -ni tro jphenylnaphthalene (B ).
Apparently o*-nitrohromohenzene was the only 
o’-nitrohalogen henzene which would yield the desired 
product with o<,-ibdonaphthalene ,as oT -chloronitrohenzene 
gave oC :ot’ -dinaphthyl as the only isolatahle product, and 
o’-iodonitrohenzene yielded uncrystallisahle oils only.
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(Probably a mixture of ot-(o’-nitro)phenylnaphthalene and
The reduction of B to o4- (o’-amino )phenylnaphthalene 
(C) could be accomplished only with difficulty and in 
poor yields by either tin and hydrochloric acid, or 
stannous chloride in boiling acetic acid in the presence 
of dry hydrochloric acid gas.
Diazotisation and ring closure of the amine to 
fluoranthene (D) was carried out by Pshofr’s method(xxxiv 
i.e. the effect of copper bronze on the diazonium sul­
phate. The isolation of the fluoranthene was best ac­
complished by fractional vacuum sublimation of the oily 
reaction product.
2:2'-dinitro-diphenyl.)
a. aL pi rn . •
PABT IX A.
SYNTHESIS OP 2:4-DIMETHYLPLUORANTHENE.
SYNTHESIS ON 2:4 -I) IME THYLFLU OR AN THENE.
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The 1:3-&imethylnaphthalene (a ) required for the 
synthesis was prepared "by the method described in Part 
VIII.
Iodination of the hydrocarbon was carried out by 
sodium or potassium iodide and sodium or potassium 
nitrate in glacial acetic acid. This was found to be 
the best method for iodination, as the method of Datta 
and Chatterjee (xxxv) yielded considerable by-products.
The product l-iodo-2:4-dimethylnaphthalene (B) was 
condensed with o’-nitrobromobenzene in the presence of 
copper bronze in a similar manner to that condensation in 
the synthesis offluoranthene, to yield l-^o’-nitro )- 
phenyl-2:4~dimethylnaphthalene (0).
Considerable difficulty was encountered in the isolation 
of this substance from the oily reaction product, 
fractional sublimation in vacuo giving the only satis­
factory separation.
.Reduction of this substance to l-^o’ -amino )- 
phenyl-2:4-dimethylnaphthalene (D) was accomplished by 
stannous chloride and concentrated hydrochloric acid in 
acetic acid. As similar difficulties were encountered 
in the isolation of the amine, the crude basic material 
was diazotised directly to avoid loss of material through 
purification.
The diazotisation and ring closure to 2 :4-dimethyl- 
naphthalene (E) was carried out in a similar manner to 
that described in Part IX.
The product obtained, after vacuum sublimation and 
crystallisation, did not show any depression of the 
melting point when mixed with the alleged 2:4-dimethyl- 
fluoranthene prepared as in Part III.
PART X.
THE CHEMISTRY OP 2:4-1) IME THYLFLU ORAN THSNE AND ITS 
BEARING ON THE CHEMISTRY OF FLUORANTHERE.
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THB CHEMIBTRY OF 2 :4-DIMETHYLFLUORAITTHENB (AND 2:5:4- 
TRIME TIIYLff LUORANTHBiTE. )
With the object of studying the effect of the two 
methyl groujja of dime thylf luoranthene on the f luoranthene 
nucleus, a few simple derivatives were made hy direct 
substitution under conditions similar to those used in 
the preparation of the corresponding fluoranthehe 
derivatives (xxxvi).
Mononitration and bromination yielded as expected 
the single substances x-nitro- and x-bromo-, -2:4-dimethyl 
fluoranthenes respectively. It was originally thought 
that these derivatives must be 2:4-dimethyl-5~subst.- 
fluoranthenes.
0 / \Condensatin of succinic anhydride (xxx«ti ) with
2:4-dimethylfluoranthene, however, produced a single 
substance instead of the expected two isomers A and B,
2.'k-
A
which would he produced hy an unsyminetrical fluoranthene 
molecule substituting in position 11- or 12*?
Oxidation of this acid (x~(2:4-dimethyl-) fluoranthen- 
oyl-propionic acid) yielded fluorenone-1:7~dicarhoxylic 
acid only. (Di-ethyl ester m.p. 114°C.) ( ""f 11 i ' j )
This proved the substance to be a 12-substituted 2:4- 
dimethylfluoranthene.
Oxidation of the nitro- and bromo-, -2:4-dimethyl- 
fluoranthenes produced, instead of the expected 2-nitro- 
and 2-bromo- fluorenone-l-carboxylic acids, x-nitro- and 
x-bromo- fluorenone-l-carboxylic acids, which were prob­
ably the hitherto unknown 7-nitro- and 7-bromo- fluorenone- 
1-carboxylic acids:
ipuorenone-ia;
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These facts apparently point to the theory that the 
12- position instead of the expected 5- position is the 
most reactive position in 2:4-dimethylfluoranthene.
It is also observed that the 11- and 12- positions 
have not the equivalent reactivity as in fluoranthene it­
self, a mono- substituted derivative of which
would yield two isomeric di-substituted derivatives ) t
Whereas single substances only were obtained from 2:4- 
dimethylfluoranthene.
The only feasible explanation of this * must be that 
a fixed double bond due to the 2- methyl group must exist 
between the 14f and 1’ positions of the molecule.
■ ixed (*? j double bonds due to methyl groups
-60-
Thus the molecule is forced to act. not as fluoranthene 
hut as a fluorene.
The fact that the 12’ position is more equivalent to 
the reactive 7’ position of the fluorene nucleus may he 
taken as a confirmatory support of this.
More definite confirmation is, however, obtained 
from the product of degradative oxidation which, instead 
of the expected mixture of fluorenone-l-carhoxylic, and 
a fluorenone-tricarhoxylic acids, is solely fluorenone-l- 
carhoxylic acid, thus giving strong indication of the 
’fixation’ of the double bond.
cooH
There is, unfortunately, insufficient evidence to 
support the theory which may he derived from the above-
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namely, that the ’equivalent reactivity* of the 11’- and 
12’- positions in fluoranthene itself, ( as shown by the 
isomeric di-substitution) may be due to the ’mobility’ of 
the fluorene nucleus in fluoranthene:-
< j — 0
> U.-) *
Y
I J — L
|s(0k ‘ A condensation of 2:3:4-trime thylf luoranthene similar­
ly yielded a single mono-substituted 2:3:4-trimethyl- 
fluoranthene, thus indicating a similar state to that 
described in 2 :4-dimethylfluoranthene.
PAST XI. 
C O N C L U S I O N .
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CONCLUSION.
The research on the condensation of fluorene with 
acetone and the structures of the substances derived from 
the product of that condensation can now be considered 
completed.
Two new methods of obtaining fluoranthene derivatives 
have been discovered in the course of this work.
Firstly, there is the preparation of methyl-fluoran- 
thenes and -hydrofluoranthenes by the ring-closure etc. 
of the product of condensation. This method is by far 
the most satisfactory synthetic means of obtaining fluo­
ranthene derivatives yet known, as these substances may 
be obtained by this method easily and in whatever quantity 
desired. Theoretically the synthesis may be considered 
a modification of the original synthesis of fluoranthene by 
v. Braun and Anton (viii).
The other synthetic method described is unlikely to 
find application in any field other than the above, because 
of its unsuitability with regard to preparative work.
The 2:2:4-trimethyl-1:2-dihydro-, 2:2:4-trimethyl~
1 :2;3:4-tetrahydro, 2:4-dimethyl-, and 2:3:4-trimethyl- 
fluoranthenes described in this thesis are being tested
-6 3-
at present for carcinogenic properties.
The Chemistry of 2:4-dime. thy If luoranthene has shown 
several points of interest. Much remains to he done, 
however, on that subject, both on that hydrocarbon and on 
the others, before any definite jsciews can be expressed 
with regards to their properties and the possible light 
they may throw on the Chemistry of fluoranthene.
PART XII.
EXPERIMENTAL.
Oxidation of the ketonic acid .
The ketonic acid (.5 g. ) was gently boiled for four 
hours in glacial acetic acid (30 cc) with powdered sodium 
bichromate (3.5 g.), poured into dilute hydrochloric acid, 
and extracted with chloroform. The washed chloroformic 
layer was extracted with dilute caustic alkali and the 
brown-yellow caustic extract acidified with concentrated 
hydrochloric acid. The pink fluorenone-l-carboxylic acid 
precipitated was crystallisable from acetic acid.
(Yield: .4 g.; 86%.)
Oxidation of 2:2 :4-trimethyl~l:2-dihydrofluoranthene(GiqHip)
CigHis (1 g.) in glacial acetic acid (45 cc), and pow­
dered sodium dichromate (7 g.) were gently boiled for four 
hours and extracted as above. (Yield: .67 g.; 65%.)
Oxidation of 2 :2 :4— trimethyl-1:2 :5 :4-tetrahydrfluoranthene.
C!C9H30
A similar oxidation of OigHgQ yielded 50% of 
flu o ren one-1-c arb oxy1i c acid.
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Oxidation of G^ ,~H-, 4_ (? ).
A similar oxidation of G16H14 (?) yielded 50/ of 
fluorenone-l-carboxylic acid.
Oxidation og x-nitro-GjgHgg °• (Nitro-ketone,
x-Nitro-CqgH^gP on a similar oxidation to those 
previously reported, yielded 2-nitrofluorenone on evapo­
ration of the chloroform extract of the reaction product, 
(Yield: 6 Of.'. )
Fluorenone-1-carhoxylic acid from Fluorene.
Fluorene (100 g. ) was condensed with acetone in the 
presence of caustic potash as described in J.O.S. 
and the oil obtained washed thoroughly with 65/ sulphuric 
acid, extracted with ether, washed, etc., and the residue 
on removal of etherial solvent dissolved in glacial acetic 
acid (400 cc. ). This solution was saturated with dry 
hydrobromic acid gas in vigorous steam for six hours.
A considerable quantity of white crystals were precipitated. 
The solution was left overnight at 0°G., the white crys­
talline substance was then filtered, washed with acetic 
acid, and heated for one hour at 120°C. in a current of
-6 6 ~
air. Glacial acetic acid (700 cc) was added to the residue, 
sodium dichromate (350 g. ) carefully inserted, andthe 
whole gently boiled for six to eight hours. The fluorenone- 
l-carboxylic acid was isolated as previously described. 
(Yield: 30 g.; 20%.)
Improved preparation of 2:2 :4~-trime thyl-1:2:3:4-tetra-
The ketone CqgHr^O (25 g. ) in glacial acetic (300 cc) 
and hydriodic acid (s.g. 1.7; 60 cc) were boiled for five 
hours. The liquor was then poured into sulphurous acid 
solution and the solid which separated crystallised from 
methyl alcohol. (Yield: 12 g. ; 55f-)jfrom previous method
Improved extraction of OqgHqq (?) from the reaction mass.
The crude aqueous oil obtained by the action of water 
on the reaction mass after fusion of the ketone CqgHogO 
with phosphorus pentoxide at 250°0. was extracted with 
chloroform. After washing and drying the chloroform was 
distilled off and the residue dissolved in the minimum of 
glacial acetic acid. Excess picric acid dissolved in 
glacial acetic acid was added to this solution from which
hydr of luoranthene. (OqgllgQ ).
the red picrate of C16H14 (?) was immediately precipitated. 
The hydrocarbon was recovered from the picrate in the usual 
manner.
The action of hydriodic acid on ClgHqgCl.
g19'19g1 8*) and hydriodic acid (s.g. 1.7; 5 cc)
were boiled for four hours in glacial acetic acid (300 cc). 
The product, hi.p. 103°C., was extracted as in the preparation, 
of 2 :2:4-trimethyl-1:2:3:4-tetrahydrofluoranthene (CqgHgo) 
and proved to be identical with that substance.
The action of phosphorus pentoxide on Gi qH-| q GI.
GigHigCl (2 g.) and phosphorus pentoxide (5 g.) were 
heated at 250°C. for two hours. The GqgHq^?) produced was 
isolated (as described) by means of its picrate.
The action of phosphorus pentoxide on 2 :2 :4-trimethyl-1:2- 
dihydrofluoranthene. (GqgHmg).
A similar reaction to the above with CqgHqg also 
yielded CqgH]^?) which was isolated in the usual manner.
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The action of zinc chloride on G-] qH-| .
CigH18 (5 g.) and zinc chloride (10 g. ) were heated 
at 250CG« for four hours. The 0x6^14(?) and CxqHcq 
produced were isolated from the reaction mass as described 
in a similar reaction in J.C.S. ; ift] /-nr
( ^ 18H14*' ^: 4-“Dime thy If luoranthene.
(1). 2:2:4-Trimethyl-1:2-dihydrofluoranthene (2 g.), was 
mixed with powdered selenium (.7 g.) and heated for five 
hours at 300°G. The mass was extracted with boiling 
acetic acid from which 2 :4-dimethylfluoranthene separated 
on cooling. Recrystallised from alcohol, yellow rods, 
m.p. 113°-115°G. (Yield: 1.6 g. : 80f.)
(2). 2 : 2:4~Trimethyl-1:2:5;4-tetrahydrofluoranthene (2g.) 
was mixed with powdered selenium (1.3 g. ) and treated as 
above. (Yield: 1.15 g. ; 60/". )
Found:G,94.1*2;H,6 .26%; Ci8Hp4 requires :G, 93.91%; II,6.09?:’.
Fluorene-l-carboxylic acid.
Fluorenone-l-carboxylic acid (5 g.), lightly amalga­
mated
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granulated zinc (12 g.)> in 50% glacial acetic acid­
concentrated hydrochloric acid mixture (150 cc), and "boiled 
vigorously for one hour. The solution 'became colourless. 
The solid precipitated on pouring the liquors into dilute 
acid, and was crystallised from acetic acid.
(Yield: 4.5 g.; 95^.)
Fluorenol-l-car'boxylic acid.
Magnesium turnings (4 g,), and fluorenone-l-carbo- 
xylic acid (10 g. ) were added to methyl alcohol (200 cc). 
Effervescence started immediately, and "became violent as 
the reaction proceeded. When the reaction had ceased the 
mixture, now colourless, was poured into water and suffi­
cient hydrochloric acid added to dissolve magnesium salts 
from the precipitate. The white solid residue was cryst­
allised from methyl alcohol, (m.p, 195°0. ; Yield:8.lg;80^c)•
Found:C,74.4f ;H,4.6£; Cqqli} q03 requires :C,74. 3%;H,4.4£.
9-Bromofluorene-l-carboxylic acid.
Fluorenol-l-car'boxylic acid (8 g. ) was dissolved in 
warm glacial acetic acid (45 cc) and dry hydrohromic acid
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gas passed in. The mixture darkened and at the saturation 
point a crystalline solid was precipitated. The hydrohromic 
acid gas was passed through the solution for a further 15 
minutes, then the solution was left to cool. The 9~hromo- 
fluorene-l-carboxylic acid deposited was recrystallised 
from acetic acid. (M.p. 242°G. , 5^ ield: 8.7 g. ; 85^ ; . )
Found :G, 58. 2f,;H, 3. 35? ;Br ,27. Sf.. CqqHgOgBr requires:
C , 58.1/ ;H, 3. l%;Br, 27 »6%.
9-Bromofluorene— 1-carboxvlic acid chloride.
9-Bromofluorene-l-carboxylic acid (10 g. ) was covered 
by dry chloroform (60 cc) and excess phosphorus penta- 
chloriae added (10 g. ). The solution was boiled till all 
the acid had dissolved, and very little hydrochloric acid 
gas was emitted. The liquor was then decanted while hot 
from the excess phosphorus pentachloride, and the acid 
chloride precipitated "by adding an equal volume of ligroin. 
Recrystallised from "benzene. (M.p. 169°-72°G. )
(Yield: 8.5 g. ; Q3%.)
Found: G, 54.7 %;H, 2.7j ; (Cl-f3r ) , 37.6%. GqqHgOBrCl requires:
G, 54.6;-;H, (Cl+Br ) , 37. 5%.
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9-Bromofluorene-1-carboxylic acid methyl ester.
The acid chloride (2 g. ) was boiled v/ith methyl 
alcohol (15 cc) till all had dissolved. Long needles of 
the ester separated on cooling. (M.p. 102°-104°C.)
(Yield: 1.9 g.; 97%.)
Found:G, 59.6%;H, 3.8%;Br, 26 . 5f . C-j. gH-^OgBr requires :
G, 59. 4%;H , 3.6%.;Br, 26 .4%.
9-Bromof'luorene-l-carboxylic acid amide.
The acid chloride (2 g.) was shaken with ammonia 
(s.g. .8 8 ; 30 cc) for half-an-houfc, and the amorphous 
solid washed and crystallised from acetic acid.(M.p.238°C.) 
(Yield: 1.9 g.; 98%.)
Found:C,58.6%;H,3.7%;3r,27.6%;N,5.0. C14H100RBr requires:
C,58.4%;H,3.5%;Br,27.8%;N,4.9%.
1-(9-Bromo )fluorenoylacetoacetic ester.
9-Bromofluorene-l-carboxylic acid chloride (powdered) 
(6 g.) in dry ether (50 cc) was added to sodium aceto- 
acetic ester (6.1 g. ) suspended in dry ether (50 cc).
The solution was boiled for three hours. The insoluble 
white residue was dissolved in water, and the aqueous 
solution acidified with very dilute acetic acid. The oil 
Precipitated was extracted with ether, and immediately 
washed with water to remove any traces of excess acetic 
acid. The residue on removal of ether was recrystallised 
from methyl alcohol containing 2-3 drops of dioxan. The 
original etherial liquors were found (on evaporation) to 
contain more of the same product. (White prisms,m.p.128°- 
30°G.) (Yield: 5.8 g.; 75%.)
Pound:C,5 9.7y;H,4.2%;Br,20.1%. G20H17G4.Br requires :
G, 59. 9/. ;H,4• 2 %;Br, 20.0? .
1~(9-Iodo )fluorenoylacetoacetic ester.
The above product (5 g. ) in acetone (40 cc) was mixed 
with a solution of sodium iodide (1.88 g.) in acetone (50 
cc) . Almost immediately sodium bromide was precipitated. 
After standing one hour the solution was filtered, the 
acetone removed under reduced pressure, and the residue 
crystallised from methyl alcohol. Yellow prisms, m.p.
112°-'114°G. (Yield: 5.3 g. ; 9b%.)
(Owing to a certain amount of decomposition on crystallisa­
tion, an analytically pure sample was not obtained.)
9-Ghlorofluorene-l-carboxylic acid chloride.
Fluorenol-l-carboxylic acid (5 g.) was treated as in 
the preparation of 9-bromofluorene-l-carboxylic acid chlorid 
(pp. 7o )• Recrystallised from benzene.
White needles, m.p. 158°-160°G.
Found :C,63. 8l, ;H, 5.03$'. Cq^HgOClg requires sG,63.85> ;H,3.04%.
9-Glorofluorene-1-carboxylic acid.
The acid chloride (2 g.) was boiled for ten minutes 
with acetic acid (40 cc). On cooling, needles of the acid 
separated. M.p. 226C-229°C (dec.). (Yield: Theoretical.)
Found :C,68. bf ;Ii,3.63^  . CqqHgOgGl requires:C,68.7%;H,3.68/.
9-Cnlorofluorene-l-carboxylic acid methyl ester.
The acid chloride (2 g. ) was boiled with methyl alcohol 
till all had dissolved. On cooling, long needles of the 
ester separated. M.p. 89°-92°C. (Yield: Theoretical.)
Found:C,69. by ;H,4.05O. GqgHqpOgGl requires :C,69.7%;H,4.2bf .
9-Iodofluorene-l-carboxylic acid.
9~3romofluorene-l-carboxylic acid (2 g.) in acetone 
(25 cc) was added to the theoretical quantity of sodium 
iodide dissolved in acetone. Sodium bromide was immediate­
ly precipitated. After filtration andiremoval of solvent 
acetone in vacuo, the yellow residue was crystallised
r o
from acetone. Yellow needles, m.p. ,
(Yield: 1.8 g.; 80?.)
Found: 1,37.6?.. Cq^IigOgl requires: 1,37.7?.
Picrate of 2:4~PimethyIfluoranthene.
Equimolar quantities of the hydrocarbon were dissolved 
in the minimum of boiling absolute alcohol. Pine orange- 
red needles of the picrate separated on cooling. M.p.206°C.
Pound:G,62.9?;H,3.9?;N,9.0?. G24H1?07N3 requires:
G,6 2 .7?;H,3.7%;N,9.1%.
s-Trinitrobenzene Complex with 2 :4~0ime thy If luoranthene.
Equimolar quantities of s-trinitrobenzene and 2:4- 
dimethylfluoranthene were treated as above. Pine yellow 
needles. M.p. 223°C.
Found: 0,6 5.0/ ;H, 3.8/; ;TT,9. 5^2. ^24^17^6^5 re4uiresi 
C,65.0f.;H,3.8£;N,9.5f.
Picrate of 2 :3:4-Trimethylf luoranthene.
2 rnols. of the hydrocarbon to 1 mol. of picric acid 
were dissolved in hoiling absolute alcohol containing 
some drops of dioxan. Grimson needles of the picrate 
separated on cooling. M.p. 208°G.
Found: G, 73.6 fl; H, 5.9% ;N, 5.9%. Gg5Hig07N3 re quires :
C,73.6/;H,5.9/;N,5.9%»
s-Trinitrobengene Gomplex with 2:5:4-Trimethylfluoranthne.
Equimolar quantities of the hydrocarbon and s-tri­
nitrobenzene were treated as above. Fine yellow needles, 
m.p. 229°G.
Found :0,6 5.8%;H,4. 3/ ;N , 9.2%. G25H1906N3 requires :
G, 6 5.6 %; H, 4. 2 f ; N, 9. 2 %.
p-Xyloyl(2 :4 )-propionic acid.
Anhydrous aluminium chloride (60 g.) was added to a
-76-
solution of m-xylene (20 g. ) in chlorobenzene (100 cc) 
containing a suspension of succinic anhydride (20 g.). 
Evolution of hydrochloric acid fumes was immediately 
observed. The mixture was thoroughly shaken, allowed to 
stand overnight, and the acidic product worked up in the 
usual way. White needles (from ligroin). M.p. 114°G. 
(Yield: 37 g.; 95%.)
y-Xylyl(2:4 )~n-butyric acid.
To the above acid (20 g. ) suspended in 250 cc. of 3:1 
concentrated hydrochloric acid-glacial acetic acid mixture 
were added lightly amalgamated granulated zinc (50 g.).
The whole was vigorously boiled for two hours (frothing 
was observed). The reduced acid was extracted in the 
usual manner. Crystallisation fro-- ligroin yielded white 
needles, m.p. 78°G. (Yield: 14g.; 75%.)
5 :7-Dimethyltetralone.
~Xylyl(2 :4 )-n-butyric acid (20 g. ) in dry benzene 
(100 cc) was boiled with phosphorus pentachloride (Zo g*) 
for two hours. The benzene and phosphorus oxychloride
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were then removed under reduced pressure and the residue 
dissolved in dry "benzene ( i O O c c ) .  To this solution was 
added anhydrous aluminium chloride (zs g. ) and the whole 
heated at 35°C. for four hours. The product was isolated 
as scribed (xxxi). (Yield: 11.5 g.; 6 5%.)
M.p. 50° G.
5:7~Dimethyltetralin.
5:7-Dimethyl-«t-tetralone (20 g. ) was reduced in a 
similar manner to the reduction of j&-xyloyl(2:4)- 
propionic acid. B.p. c’a 130°G./l2 mm.
(Yield: 12 g.; 70%.)
1:3-Dime thylnaphthalene.
5:7-Dimethyltetralin (10 g, ) and sulphur (ifg.) 
were heated at 220°C. for one hour, then the product 
carefully distilled in vacuo from the reaction mixture.
B.p. 130°C./10 mm. (Yield: 8.1 g. ; 85%'.)
ai- (o1 -Ni tro )phenylnaphthalene.
<at/-Iodonaphthalene (7 g.), o’ -bromonitrobenzene (6*0g.). 
and copper bronze (ffg. ) were heated at 240°-250cG. for
three hours. The mass was then extracted with dry ether. 
After removal of the etherial solvent the residue was 
crystallised from methyl alcohol. Yellow needles, m.p. 
89°-90°C. (Yield: 4 g. ; 60?..)
Found:C,77.0?~;H,4. 5? ;N, 5.8/C. GqgH^OgiT requires:
0 ,77.1 %; H, 4.4 ? ; N , 5.6 % .
oC" (o-Amino jphenyInaphthalene.
The nitro compound (3 &•) and stannous chloride (2. g* ) 
were boiled in acetic acid solution (2{T cc) while a steady 
stream of anhydrous hydrochloric acid gas was passed into 
the liquor for four hours. After extraction in the usual 
manner for amines, the compound was crystallised (with 
difficulty) from methyl alcohol. White needles, m.p. 61°- 
63°G. (Yield: Poor; 30%.)
Pound:G,87.8%;H,6.0/ ;N,6.5%. ^16^13^ requires:
C, 8 7.7 A-; H, 5.9 %; N , 6 .4 %.
Fluoranthene (by Diazotisation etc. of Amine).
The amine (2 g. ) was diazotised in 15? sulphuric acid 
(15 cc), copper bronze (.5 g. ) added and the whole warmed 
till the diazonium solution turned milky. Heating was
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continued for ten minutes, then the oil formed was ex­
tracted with chloroform, the extract washed etc., and the 
residue vacuum sublimed after removal of solvent. The 
first fraction (subliming at 130°-150°C./llmm) was cryst­
allised from aqueous acetic acid. Lond needles of 
fluoranthene, m.p. 108°0. separated, (yield: .5 g.;30/.)
1-lodo-2:4-dimethyInaphthalene.
2 :4-DimethyInaphthalene (5 g.), previously purified 
by means of its picrate, sodium iodide (4.8 g.), and 
sodium nitrate (3.5 g. ) were boiled in acetic acid (200 
cc) till the colour iodine produced when the acetic acid 
first boiled had disappeared (5-6 hours). The solution 
was then poured into water and extracted with chloroform.
The extract (after washing etc,) was fractionally distilled 
under reduced pressure, the fraction b.p. 185C-95°G./llmm 
being retained. (Yield: 7.2 g.; 782.)
1 - (o-TTitro )phenyl-2 :4-dime thy Inaphthalene.
The iodohydrocarbon (5 g.), o-nitrobromobenzene (3.8g. ) 
and copper bronze were thoroughly mixed and treated as in
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the preparation of oir (o’ -nitro )phenyInaphthalene. The 
residue after removal of etherial solvent is sublimed in 
a good vacuum. The fraction subliming at 180°-200°G./9mm 
(reddish glassy material) was scratched in methyl alcohol­
ic suspension and a yellow solid obtained. Crystallised 
from methyl alcohol in yellow needles, m.p. 110°-12°C. 
(Yield: Poor, c’a0.5-1 g.)
Pound:C,77.852;H,5.3/. Cl8Hl502N requires:C,78.Of;H,5.4p.
2 :4-0ime thy If lu o r an thene (Gyn the s i s of- ).___
The nitro compound prepared in the previous para­
graph (2 g. ) was reduced as in the preparation of e>C~(o-amino) 
phenyInaphthalene and the basic material formed diazotised 
etc. similarly to the diazotisation of the above amine. 
Vacuum sublimation of the oil produced yielded (at 130°- 
140°C./11mm) a solid, m.p. 108°C. which did not depress the 
m.p. of the alleged 2:4-dimethyIfluoranthene prepared as on 
page 6# . (Yield: e’aO.Ol g. )
x -B r o m o - 2:4 - d i in e t h y 1 f 1 u o r a n t h e n e.
2:4~DimethyIfluoranthene (2 g. ) in carbon disulphide 
(15 cc) were added to bromine (1.4 g. ) in carbon disulphide
(15 cc) containing traces of phosphorus tribromide, and 
the whole hoi led gently till the colour of the "bromine had 
disappeared. The solvent was then removed under reduced 
pressure and the residue crystallised from absolute 
alcohol. (Discard oil first precipitated. ) Small 
crystals, m.p. 118c-20°C. (Yield: 1.7 g.; 6 5/h )
Pound :C,69.8$ ;H,4.2$. G^gH-^Br requires : C , 6 9 . 2^  .
x-P i t r o -2 :4 -d i me thy 1 f lu o ran thene.
2:4-DimethyIfluoranthene (2 g. ) in acetic acid (30 
cc) was added to fuming nitric acid (s.g.l.5;0.7 cc) in 
acetic acid (10 cc) and the solution heated to the boiling- 
point till the evolution of nitrous fumes ceased (about 
5-10 minutes). On cooling the solution deposited a yellow 
oily solid which, on recrystallisation from acetic acid, 
(discard the first oily precipitate) yielded yellow needles 
m.p. 175°G. (Yield: 1.8 g.; 80$.)
Pound : 0,78. 4^  ; H,4.5b°/.. 30gN re cjui res : G, 78 .6%;H, 4-. 7%.
12- (2 :4~Dirnethyl )f luoranthenoyl- ^ -propionic acid.
Dimethylfluoranthene (2 g. ) dissolved in chloro-
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benzene (20 cc) containing suspendeolsuccinic anhydride <p.75 
g.) was warmed to 30°C. for two hours after addition of 
anhydrous aluminium chloride(3.5 g.). The mass was left 
overnight, then the acid extracted in the usjial manner. 
Small yellow-green prisms from acetic acid, m.p.218°C. 
(Yield: 2.1 g.; 72$.)
Pound:G,80.001 ;H,5.4-3/:. ^22^18^3 reQ.u-ires «
G,80.00$;H,5.4 5%.
x-(2:3;4-Trimethyl)fluoranthenoy1 -Q-propionic acid.
A similar experiment to the previous preparation
yielded c’a 60% of the acid, m.p. 212°G. 
foor-ia-. C_ j
Oxidation of 12-(2 :4--.)imethyl )f luoranthenoyl-^ -propionic 
acid.
The acid (1 g.) in acetic acid (40 cc) was boiled for 
fou r hours with sodium dichromate (8 g.). The acid 
product obtained in the usual way was identified as 
fluorenone-1:7-dicarboxylic rc id by its diethyl ester, 
m.p. 114°G.
Oxidation of x-Bromo-2:4-dimethyIfluoranthene.
A similar oxidation of the above substance yielded 
a yellow crystalline acid which, on purification from 
acetic acid, melted at 236°0. It was not 2-bromo- 
fluorenone-l-carboxylic acid. (it was named x-bromo-
fluorenone-l-carboxylic acid.)
Pound :0,55.2%;H, 5.431. C^HyOgBr requires:
0,55.41;H,5.45%.
Similarly, x-nitro-2;4-dimethyIfluoranthene yielded 
x-nitrofluorenone-l-carboxylic acid, m.p. 245°0,
